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v’ Outline ““PHTENIX
« SPHENIX
- schedule

- Physics motivation

* Electron identification

- calculate electron efficiency and pion rejection
* Optional Preshower detector

- Physics motivation

 Optimization shape of the preshower cell

e Summary
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v' sPHENIX “<:PH-“ENIX

BNL schedule

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

)

sPHENIX

Upgrade points from PHENIX
- Larger acceptance and Fast readout
(¢ =2m, [n|<1)
- Additional tracking
for measurement of Upsilon
- EMCal and HCal
for measurement of Jets
- (Optional Preshower detector for PID)
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v’ Physics motivation “<sPH “ENIX

* QGP screening study by measuring upsilon states etc.

« Jet quenching study via full (tagged) jet reconstruction.
« Jet fragmentation function modification.

* Nuclear suppression of ©° yields up to p; = 40GeV/c

* v-jet correlation

* Detailed physics motivation
- K.Shigaki, 8/08 morning
['Next stages of PHENIX for enhanced Physics with
Jets, Quarkonia, and Photons |
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v’ Electron identification with E/p cut “<;PH-“ENIX

[ Simulation |

* Generate 4GeV e~ and ™,

« Magnetic field off,

« With Hijing background (AuAu 10%C in B-off)

SPACAL distribution

h6
-Single simulation Meer 01618
10¢ = RMS 0.16
r Hijing 1 event .
i 4GeV e~ single event]
i E/p cut E/p cut
102 / (electron mean energy = 15%)
i - electron efficiency of 0.99
1 - - =
“E Lo - pion efficiency of 0.12
il N M | |l ﬂ - pion rejection of 8.0
DH - ID!1I = I{}.|2I = I{).3I = I{).ltlI = I<:}.|5II | IDEH HI ID.l?I - I{}.lBI - ID.lﬁI = 1

EMC scintillator cluster energy [GeV]
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v' Electron identification with HCal

~<PH“ENIX

[ Simulation |

iy

Electron efficiency

e 4GeVe  andm™, 5o
« Magnetic field off, wp
 Calculate efficiency with HCal
Inner HCal distribution
h1
o %_Single simulation hEﬂr:;lsS 3%22?1 L . T T R R T T
RMS _ 0.04836 Inner HCal cut[GeV]
10° Pion efficiency
102_ B!
10;— ; W
- 2 S
- N ? ++++++++++++w
= C ﬁﬁ
0 002 004 006 008 0T b.lml ' b.lml ' '0.|16' ' <I:).|18| =02 3_ | lHﬁ# L
Inner Hcal scint. Energy[GeV] o o0z 0004 Ir;’;]%er Hégfcut[géw
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v' Electron identification with Hcal cut "~ PH~>)(<<ENIX

* Pion rejection of 90 with Inner HCal cut: electron eff. 88%

Pion rejection =

10

Electron ef ficiency

Pion rejection with HCal cut

Pion ef ficiency

Pion rejection
2,
III|

2

10

4 LA
LT
iy

o
e T IIIIII|

0.6 0.7

EIectron eff|C|ency

09

Mass distribution by simulation
Y(1S,2S,3S)

! Total 1 RHIC AuAu run
1000 Bk s 50B MB events

. ackgrounds: o' ¢ decays

[l A<n<1

| DYBBDD
800 LI_ % rejection 90

» D+h,B+h,h+h centrality 0-20%
60 0: N_,, scaled
400
200

075 '8 &8s 9 95 10 105 11

invariant mass (GeV/c?)

S/B at all states is order 1
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v Pre—Shower \ﬁH%%ENIX

[ Pre-Shower detector |
- Pb convertor + Silicon
- ®~27, n£0.5, radius = 90cm

Motivation of Pre-Shower

« vy-jet correlation Au jﬁ Au

- Distinguish direct photon T
and gy from highppT ° /_14_\/ Pre-Shower
»  High p; suppression [ ]| \ EMCal
- High p; 7® Ry, up to 40 GeV/c Inner HCal
*  Upsilon measurement 5 = Magnet
- Electron identification / Q \ Outer HCal

2014/8/10 K.Nagashima 8
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v Opening angle of 40GeV/c ©° “<PH “ENIX

[ Monte carlo simulation |

* 40 GeVrl->2y,
* Calculate Opening angle of 40GeV/c n°
* Lower limit of 6.7 X 103 [rad]
« Decompose opening angle to phi and eta
phi vs eta ( opening angle of 40 GeV Pi0 )
. opening angle of 40 GeV Pi0
140 ;10 Eiiféﬁebggéggg o - S Entries 1000000
120 — RMS  0.002711 ' . O \ean x 0.005805
B Mean y 0.005706
100 RMS x 0.003516
E RS 0.071
66005 6004 6.006 '{m 001 0013 001 odéggingoéé;%e o2
Lower limit of 40GeV pion opening angle 00" 0.0020.0040.0060.008 0.01 0.0120.0140.0160.018 0.02°

phi [rad]
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v Optimization shape of preshower celléiq%:_{gH ENIX

* Optimize shape and size of cells

* The number of preshower cellsis 0.7M (phi X eta =10"7)
 We assume the preshower as perfect detector
e Slime line shape(phi=0.001, eta = 0.01) is the highest efficiency

Detection efficiency

- 2y are separated by one cell or more

_

)

eta

—_

phi

J
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Constant area (phi X eta =107)
phi 0.001 ->0.01
eta 0.01 ->0.001

Detection efficiency of 40GeV pi0

0.9

0.85 |
square A

0.8 / q L .

0.75 t, R *

07

0.65-

0.6

0.55

0 5 :I 111 | 11 11 ‘ 111 | ‘ |- | I - ‘ 111 | | 1111 ‘ 111 | ‘ 111 | | L1 11 ‘
; 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
Cellsize (phi) [rad]
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v Hit map at Preshower and EMCal PH~>)(<<ENIX

[Geant4]

* Pre-Shower and EMCal hit map

* 40GeV pion, PS Hit map — PS Hit map

0 Pre-Shower Dptd% .

- Size of cell T
(d$=0.001,dn=0.01) = F 111

- Thickness = 1X, ohi g o | .

“305 o4 Q003 Q02 oM 0 001 002 003 OD4 008

- 2y are separated
EMCal Hit map

D EMCal 06905@ Energy

- Size of cell :
(d$=0.024,dn=0.024)

- Thickness = 18X,

- 2y are merged
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v' Detection efficiency with Geant4 '\,;PH ENIX

[Geant4 ]

* Evaluated detection efficiency at slim line shape under realistic
condition ( phi=0.001, eta =0.01)

* Studied dependence of convertor thickness (1.0~2.0X))

* |n more than 15GeV/c, 1.0 radiation length is higher than other

Detection efficiency of mt° Average opening angle
> 1 z 1
E 09f- « 1.0X, i
© - g ]
0.8f- 3 L
0.7 e 2.0X 5
= 0 S0k
0.6 o S FE
- - . » » ] % C N EMcaI
0.5 » ¢ i : - .
= * . el TR —Phi,eta
0.4 ¢ .
D_QE_ U *--~-—-—-PSeta
0.2F -
D.‘If— L
DO_I | I5| | - I1|0I 11 I1|5I 11 |2!0I | I2|5I | I3|0I | I3|5I 1 11 | 111 I4|5I 1 11 10-30 | | e -I-1J(T o | | e zJa g P ] jb e b || :lo-l- - l—\—‘ el | — PS phl
p [GeV/c] o [GeV/c]
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v’ Detection efficiency with Geant4 ““PHENIX

7

[Geant4 ]

* Evaluated detection efficiency at slim line shape under realistic
condition ( phi=0.001, eta =0.01)

* Studied dependence of convertor thickness (1.0~2.0X))

* |n more than 15GeV/c, 1.0 radiation length is higher than other

Count/Event of direct y and piO

. . . =
Detection efficiency of mt° g 1 \\ pAcD Rates
E —a— 1" (LHC 2.76 TeV) [H‘M suppressed]
8 'E . E 10" AR N ——e— Direct y (LHC 2.76 TeV)
;;—j 0.9 ;— 1OX0 é 102k \ N —m— 7" (RHIC 200 GeV) [R, , suppressed
° E e 1.5X E ' N Yy - = Direct y (RHIC 200 GeV)
0.8F o), 0 0% A\ -
— 3 - . =
ik . 2.0X < N S S
. E . 0 .-.3.104 \\\ _-_.-:;-::_._._?:_?.-:_::-.:--- \\
- :1 . . E‘- . 4 % ""-"-'.-'-'-'-'.;-:-__-,-_.__._.__-___-.-
= . » . -10° =) e
I T T 2 N
— . . . . = nb AN
o g 10 *\
0.4 :— ‘E‘ 4 \_\ .
0.3 '% 10 \‘\\ S
02F- 510° N
“E s N
0.1F- 10 N
= “‘“#:xi
D 1 [ | 1111 | 1111 | 1 11 1 | 1111 | 1111 | 11 11 | 1 111 | 111 | 1111 10-10 l . l — l S l 4 b | —
0 5 10 15 20 25 30 35 45 0 10 20 30 40 50 60
p [GeVic] Transverse Momentum (GeV/c)
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Summary ~</PH “ENIX
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* Pion rejection is 8.0 with E/p cut (electron eff. of 99%)
* Pion rejection is 90 with HCal cut (electron eff. of 90%)
* Upsilon is measurable with 90 pion rejection
and 90% efficiency
* Slime line shape is the highest detection efficiency
* Define cell size. phi =0.001, eta = 0.01
* Preshower convertor thickness of 1 radiation length is
the best in case of identifying m® in more than 15GeV/c.

2014/8/10 K.Nagashima 14



Backup PHTENIX
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v’ Upsilon mass resolution \aPH*>)(<<EN|x
" 0.07-
ar - Single nt+
< 0.06— radius = 2.5,5,22,24,45,89 cm
0.05 p0 =1.19E-02, p1 = 2.16E-04
0.04—
0.03—
o.oz}M
0.015—
0: | I | ]
0 5 10 15 20 25

2014/8/10
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v BaCkUD ““PH-“ENIX

SPACAL distribution with Hijing background

h3
Entries 500
Mean 0.204
RMS 0.02172

10°

10°

2 2 3
D_IIII| IIIIIIII| IIIIIIII| IIIIIIII| I TTTI

-
=

—
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v [Y(18,28,35)
E Total 1 RHIC AuAu run
500— 50B MB events
B Backgrounds: ;o
B e’ e decays
400__ _DY,BE,DE <n<1
- 1t rejection 200
- — D+h,B+h,h+h centrality 0-10%
300/ N.,, scaled
200
100
0_| I 1 1 1 | I 1 1 1 | I I S | N N
7.5 8 8.5 9 9.5 10 10.5
— invariant mass (GeWcz)

2014/8/10
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v" Detection efficiency with Geant4 "< :PH:-“ENIX

* Evaluated detection efficiency at slim line shape
( phi=0.001, eta =0.01)
* Studied dependence of convertor thickness —

Max deposit

-1.0~2.0X, | Secondary deposit
* Defined detection efficiency I

- Secondary deposit > Max deposit/3 eta |

- Secondary deposit is away one cell or phi —

more from max deposit.

. . . 0
Detection efficiency of it Average opening angle

I = 1
g o.of EE
£ poF ° ‘o C
% = l.OXO %n 5
oL ¢ 1.5X, gL
0.7 Si07
- ® o107 E
Na 2.0X, S
DS .. §F EMCal
= ° - . 3 » * . b e e e e e e e e e e e - .
05 o ° L - T Phi,eta
04 L e e R S
0.3F -
0.2F -
013_ 10—30\ |_|._|.1JCT| I |_|.2Jaa_| |_4§‘E].|_n_| ‘Elﬂ-hd-l_‘slo_h-‘-_PSphi
D:""l""l""l""l""l""I""I""l""l"" pT[GeV/C]
0 5 10 15 20 25 30 35 45
pT[GeV.’c:]
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v’ Opening angle of high p+ 7° ENIX

phi ( opening angle of 40 GeV Pi0 )

* 40 GeV pion -> 2y, G oo
* Lower limit of 6.7 X 103 [rad]
* Decompose opening angle

to phi and eta

15000

opening angle [rad]
\ 10000
5000

Lower limit of 40GeV pion opening angle

10000
opening angle of 40 GeV Pi0 5000
140 x10° opening angle of 40 GeV PI0
— Entries 1000000
[ Mean 0.008797 0\|\|\|\\\\\\\\\|\|\||\|\|\\\\\
120 RMS  0.002711 0 0002 0004 0006 0008 001 0012 0014 0016 0.018 0.02
. phi [rad]
100—
- eta ( opening angle of 40 GeV Pi0 )
80 ; 30000 ata { opening angle of 40 GeV P10 }
— - Entries 1000000
C - Mean 0.005761
60— - RMS  0.003544
= 25000—
40— -
C 20000(—
20— -
- 15000{—
0 Il Il Il ‘ Il Il 1 | 1 1 1 | 1 1 Il ‘ Il Il Il ‘ 1 1 1 1 | 1 1 I 1 1 1 [~
o} 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02 C

L | L1 | | | ‘ Ll L
0.008 0.01 0.012 0.014 0016 0018 0.02
eta

o
ol
oL
[=]
-
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v' Detection efficiency with Geant4 j\Hé)(é'-ENIX

* Evaluated detection efficiency at slim line shape
( phi=0.001, eta =0.01)

* Studied dependence of convertor thickness
- 1.0~2.0X,

* Defined detection efficiency

- Secondary deposit > Max deposit/3 Count/Event of direct y and pi0

. E 1k pQCD Rates
- Secondary dep05|t energy away one cell g E —e— 1"(LHC 2.76 TeV) [R__ suppressed]
o 10—1
o o —#—— Direct y (LHC 2.76 TeV)
or more from Max dep05|t. iﬂl‘z e £ (RHIC200 GeV) [ suppressed
E 8 AR
Detection efficiency of r° PPl = Divecty (HIC 200 GV
g =
= 1 = -
g = E 1ﬂ'4|;—
g osE-  1.0X, g
® 08fF 7107
= ° 1.5)(0 ;
- = =6
e « 2.0X, 310
062 o 510.7
o - o » . . w
0.5 ! . s . - ™ @
= » . ™ s - =
= * * . €10°
04 8
03f- 107
= A0 0o b by b LN
2 107 10 20 30 40 = 50 60
0.1 Transverse Momentum (GeV/c)
D:I 11| I 1111 | L1 1 1 | 111 | I 1111 | L1 1 1 | 111 | I 1111 I 111 | | L1 1 |
0 5 10 16 20 25 30 35 238 v
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v EMCal1 vs EMCal2

EMCal1 vs EMCAL2 EMCal1 vs EMCal2 [Electron] EMCal1 vs EMCal2 [Pion]
~ 0.4 hist27 04 hileB
5.22-— C Entries 1909 FC o Entries 2000
= C C Meanx 0.1635 o Mean x 0.05948 PC
w2 . - 0.35— Mean y 0.008076 0.35— Mean y 0.03577
r ‘ ' e e 5GeV F RMS x 0.01394 ( o RMS x 0.06661
0.18:— T . . |_ 5GeV 03 RMS y 0.005497 03 RMSy 0.0377 pC
0.16 Pl ~NF -
E e - 80 — -
E ©0.25— @O 0.25 20C
014 O O :
: o o2r 60 oy 92 _-._ . 15¢
c Lo &,
0.15F 015" rear
E 40 E L 10¢
0.1 0.1f .
o S L . .
C 20 v " A . :- 50
0.05— 0.05 g -l LA
o_llllllllllll ﬂllllllllllllhlllll 0 -'-J I|I IIII-II|IIII|IIII|IIII 0
0.3 0 005 01 015 02 025 03 OigS[G \9].4 0 005 4 015 02 025 03 011235[(5 8].4
EMCal1 a2 jGe 2 {Ge
EMCall EMCall

EMCall -> Layer 1~25
EMCal2 -> Layer 26™~40
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